Plastic scintillators offer several advantages for nuclear safeguards research and technology to those who design, assemble, encapsulate, and calibrate detectors from raw materials that are commercially available. These large, inexpensive detectors have good spatial uniformity and good high-energy gamma-ray response. Uniform light collection is obtained with a light pipe attached to a polished scintillator wrapped with aluminum foil. Best low-energy response is obtained by applying a variance analyzer to select the lowenergy bias level.
Introduction
Organic gamma-ray scintillators are characterized by their fast response, moderate gamma-ray interaction, and availability in a wide variety of sizes and shapes. These properties make organic scintillators, particularly solid organic-plastic scintillators, the best choice in nuclear safeguards for a number of applications ranging from assaying containers for fissile content to perimeter radiation monitoring of personnel and vehicles. Unfortunately, the appropriate plastic scintillator for the job often is commercially available only as raw material rather than as a finished radiation detector. Thus, a potential user must design his detector; purchase, assemble, and encapsulate the components; and then evaluate and calibrate the finished detector. As these steps are seldom required with other gamma-ray detectors, the potential user may not have the necessary information or experience to carry them out. The goal of this paper is to describe the properties of plastic scintillators that make them so useful and to outline a procedure for constructing detectors for gamma-radiation monitors.
Perimeter-Monitoring Detectors
Perimeter monitors in nuclear safeguards must sense gammna radiation in the energy range 0.1 to about 1 MeV. In that range, gamma rays interact with plastic scintillators by Coinpton scattering, and the fraction of incident radiation detected (intrinsic detection efficiency) is smaller than would be the case for the same size inorganic scintillators--Nal(Ti), for example--where the gamma rays interact by the photoelectric effect. However, a low intrinsic detection efficiency can be tolerated in plastics because the low efficiency can be comnpensated for by the large detector area.
The area is increased rather than the thickness because the im-provement in performance is linear with area but saturates exponentially with thickness.
An example of the intrinsic detection efficiency and its variation with gamma-ray energy for our plastic scintillator, NE-102,** appears in Fig. 1 shown; if this were the only basis for choice, the NaI(Tt) detector would be used exclusively. However, performance is based on total efficiency, which, in this case, is proportional to the product of intrinsic efficiency and area. An example of total efficiency for two perimeter monitors with similar performance (Fig. 2) shows the plastic to have greater total '0 200 400 600 800 1000 1200 1400 1600 1800 GAMMA-RAY ENERGY(keV) GAMMA-RAY ENERGY (keV) Fig. 3(a) and (b) . Adding a light pipe between photomultiplier and scintillator serves to reduce direct light collection and improve the homogeneity of the detector,2 Fig. 3(c) and (d) .
With light collection depending on total internal reflection, plastic scintillators must be fabricated and assembled to assure a smooth interface between the scintillator and the surrounding air. Techniques developed for optimizing cosmic-ray detectors apply here and result in four general rules. (Fig. 4) . Fig. 5(b) .
Detector Electronics
The signal-conditioning electronics for plastic scintillators in perimeter monitors consits of a bleeder string photomultiplier base (operating at about 1-kV high voltage for a Hamamatsu* 580 photomultiplier), a scintillation preamplifier, a pulse amplifier (with a gain of approximately 1280), The photomultiplier is coupled to the scintillator and light sealed with a final layer of tape.
The operating parameters for plastic scintillators are much like inorganic scintillators except that, for plastic, the intrinsic detection efficiency is greatly dependent on the lower level discriminator (LLD) bias level. The family of curves in Fig. 6 voltage to be rapidly determined.
